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Abstract: Multiscale modeling of microstructural evolution in polycrystalline metals is commonly conducted based on
the concept of a representative volume element (RVE), which characterizes the response of a material point. In this study,
a coupled phase field and dislocation density-based crystal plasticity framework is used to investigate the effect of RVE
size on the kinetics of static strain-induced grain boundary migration. The finite element-based crystal plasticity model is
employed to compute the stored deformation energy distribution within individual grains, while the phase field model
describes the subsequent grain boundary migration during high-temperature annealing. The simulations of grain growth
are performed for a polycrystalline aluminum with elastic cubic symmetry under plastic uniaxial loading. The RVE size
is varied in the range from 10 to 60um for simulations of static strain-induced grain boundary migration. The initial
average grain diameter for all RVEs is 3 um. The periodic boundary condition is applied to statistical RVEs with sufficient
scale separation between the microstructure and macrostructure. To determine the optimum RVE size under a specific
boundary condition, a convergence analysis is performed by plotting the grain growth component as a function of RVE
size. The simulation results indicate that an RVE size of 30 um statistically provides a representative response for tensile
loading conditions. The outcomes of this work provide valuable insights for determining the optimum RVE size and for
the design of thermomechanical processing strategies in metallic materials.
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1. Multiscale modeling 15. Heat treatment 29. Thermo-elastic energy
2. Microstructure 16. Thermomechanical process  30. Stiffness tensor
3. Polycrystalline metals 17. Grain growth 31. Shear modulus
4. Representative Volume Element (RVE) 18. Grain boundary energy 32. Burger’s vector
5. Material point 19. Crystallographic orientation ~ 33. Slip system
6. Macroscopic scale 20. Intergranular 34. Cauchy stress
7. Coupled method 21. Transgranular 35. Micro-traction
8. Phase-field 22. Annealing 36. Computational homogenization
9. Crystal plasticity 23. Diffuse interface 37. UMAT subroutine
10. Dislocation density 24. Local free energy 38. Statistical convergence
11. Strain Induced grain boundary . S
migration (SIBM) 25. Plastic energy 39. Grain size distribution
12. Crystal plasticity model 26. Specific heat capacity 40. Equivalent radius
13. Stored deformation energy 27. Reference temperature
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